Introduction
In previuos papers1),2), we have reported that in the hydrocracking of anthracene or of coal extract, supported molten zinc chloride catalysts were more efficient than molten zinc chloride alone, because the activity of the former was a function of the activity of molten zinc chloride and that of the carrier and because the contact surface area was increased. In fact, it was found that N631-HN(28%Al2O3-72%SiO2) was the most suitable carrier so far examined, and that catalytic activity was improved by pretreatment at higher temperatures after impregnation.
Furthermore, the supported molten zinc chloride can behave like a solid instead of a liquid in handling and transporting that proved to be of great advantage in practical applications. Nevertheless, it is important to know how long the supported molten zinc chloride catalysts would be catalytically active in actual use.
In the present work, changes in the activities of supported molten zinc chloride catalysts were measured for hydrocracking of anthracene taken as an exploratory reaction. The loss of zinc chloride from the solid surface and the change in the activities of the carriers themselves were determined, as these factors were considered to contribute to the drop in the activity. Also, tests of these catalysts on the reduction in hydrocracking activities for coal extract were carried out.
Experimental
Equipment, procedure, analysis of the products, chemicals and carriers are the same as those described in the previous papers1), 2) .
The supported molten zinc chloride catalysts used for the tests were prepared as follows: (1) impregnation of an aqueous zinc chloride solution of a given concentration on N631-HN (28%Al2O3-72%SiO2) and on Neobead-C (100%Al2O3) and N2 for 2hrs. in a tublar furnace.
Changes in the catalytic activities with reaction time were evaluated in the following manner: 3g of anthracene, 1g of the prepared catalyst and 100kg/cm2 of hydrogen were introduced into an autoclave at room temperature. was repeated once more.
The hydrocracking products of anthacene were classified into four groups, namely, compounds smaller than tricyclic aromatics (gaseous, saturated, monocyclic, bicyclic, isomer of bicyclic compounds), tricyclic aromatics (partially hydrogenated anthracenes and benzindanes), unreacted anthracene and carbonaceous products; the change in catalytic activity of each catalyst with reaction time was compared with the degree of conversion into compounds smaller than tricyclic aromatics of the first and the third (or fourth) reaction products.
IR spectra of hydroxyl groups on a carrier surface were measured by the method described by Hino et al.3) to investigate changes in the active sites. Table 1 (a), and in the first one-hour reaction, about 40 wt% of anthracene was hydrocracked into smaller compounds such as gaseous products, saturated hydrocarbons, monocyclic aromatics and bicyclic aromatics. In the next one-hour reaction, after the seven-hour reaction, conversion into smaller compounds was reduced to 25wt% and in another one-hour reaction, it was further reduced to 17wt%, The deposition of carbonaceous products on the active sites of the catalyst brought about this decrease in catalytic activity, because 0.21g of the carbonaceous products was formed on 1g of the catalyst, about 350m2/g of the surface area of the catalyst dropped to 10m2/g after an overall ten-hour reaction and the surface area and catalytic activity could be recovered nearly to the previous levels, when the carbonaceous products were burnt periment No. 42) and Table 2 .
The Neobead-C carrier itself was found to be of poor activity for hydrocracking of anthracene (Table 1 (c)) . Accordingly, the catalytic properties may not be affected by reaction time.
Changes in Activities of Supported Molten
Zinc Chloride Catalysts As shown in Table 1 (b) and 1 (c), the supported molten zinc chloride catalysts prepared by preof zinc chloride on 3g of the carrier were highly active in the first one-hour reaction. But in the next one-hour reaction, after the seven-hour reaction, the rate of hydrocracking decreased substantially. This decrease in the activity of the Neobead-C supported catalyst was larger than that of the N631-HN. Nevertheless, the activity of the supported molten zinc chloride catalysts was maintained definitely for a longer reaction period, compared with that of N631-HN alone (Table 1 (a)). zinc chloride on 5g of the carrier without pretreatment. In the first one-hour reaction, the conversion of anthracene into products smaller than tricyclic aromatics was 67.7wt% with the N631-HN supported catalyst and it was 49.6wt% with the Neobead-C supported catalyst. But in the next seven-hour reaction and in the following one-hour reaction conversions into smaller products were 64.0wt% and 22.3wt% with the N631-HN supported catalyst and 31.2wt% and 21.5wt% with the Neobead-C supported catalyst, respectively.
These results indicate a rapid reduction in the activities of the supported molten zinc chloride catalysts without pretreatment and this reduction with reaction time is more remarkable than that this difference are not clear. However, since there are differences between pretreated catalyst and dried one as regards water content, distribution of zinc chloride on the surface or in the pores, interaction between zinc chloride and the solid surface and formation of carbonaceous products by combination of these factors, some of them could be the causes. In this manner the activity of supported molten zinc chloride catalysts changes with reaction time, and the rate of reduction depends on the method of preparation.
As the overall activity of supported molten zinc chloride catalysts is the result of the additional activities of molten zinc chloride and carriers and it also depends on increased contact surface area, reduction in the activity would be affected by changes in any of these factors.
With regard to the change in activity of N631-HN as the carrier after an overall ten hours' reaction, 10 to 20wt% of carbonaceous products was formed on the solid surface, whose area had decreased to 42m2/g. The covering of the active sites on the carrier and the decrease in the contact surface area by the carbonaceous substances are causes of reduction in the activity as confirmed above. there are other causes to prevent the recovery of activity of the carriers. Fig. 1 shows changes in hydroxyl groups on the N631-HN carrier surface before and after the reaction or after the acid-treatment.
The surface hydroxyl groups of silica-alumina (N631-HN) are classified into single OH groups (which on silica surface give a sharp absorption band at 3,740cm-1) and hydrogen bonded or paired OH groups (which gave a broad absorption (c) after the ten hours reaction, supported ZnCl2 was extracted with ethanol and then the carbonaceous products were burnt off, (d) after residual ZnCl2 on (c) was leached out with 12N-HCl and 14N-HNO3; each was prepared band at about 3,640cm-1)4),5). On the other hand, zinc chloride is known to react with metal oxides to form a surface complex with ZnCl42-6). The relative intensity of the band at 3,640cm-1 to that at 3,740cm-1 of the hydroxyl groups on the N631-HN surface, which was subjected to con-2 hours and then to extracting zinc chloride with ethanol, was weaker than that of the original ( Fig. 1 (a), (b) ). Furthermore, the treated carrier contained 3.86wt% of zinc and 0.34wt% of chlorine. These results indicate the formation of some complex on the surface. Fig. 1 (c) is a spectrum of the catalyst after ten hours' reaction from which zinc chloride was extracted with ethanol and then the carbonaceous products were burnt was the same as that of the original but the surface area decreased to 116m2/g. The zinc content was 6.33wt% whereas that of chlorine was less than 0.1wt%. These results suggest that the number of active sites of Bronsted acid on the carrier surface was remarkably reduced and that the active sites were zinc-poisoned in the following manner as deduced by Kaji et al.7); Fig. 1 (d) is the spectrum of the regenerated N631-HN which was leached twice with 12N-HCl and 14N-HNO3 to remove the residual zinc. By this acid treatment, the surface hydroxyl groups were found to be affected and the zinc content of 6.33wt% was reduced to about 1wt%. But the surface area of 116m2/g increased to 140m2/g and the catalytic activity for hydrocracking of anthracene did not recover to the original level. From these results, some cleavage of the pore structure seemed to have occurred during the hydrocracking reaction.
As hydrocracking of anthracene is promoted mainly by the activity of the carrier, the life of a supported molten zinc chloride catalyst depends on that of the carrier when a sufficient amount of zinc chloride is present on the catalyst. Nevertheless, another possibility affecting the catalytic life could be the concentration of zinc chloride on evaporates at the rate of about 1wt%/hr from the supported catalyst. This evaporation rate does not depend on the species of a carrier and the amount of zinc chloride supported but on the temperature of treatment. There seems to be another factor concerned with the decrease in zinc chloride on the catalyst. It is supposed that zinc chloride dissolves into the liquid phase because it reacts with the aromatics to form EDA-complexes8).
The combined effects of these factors can decrease the activity of the supported molten zinc chloride catalysts. Table 4 shows the change in the activity of the 42%ZnCl2-58%N631-HN supported catalyst for hydrocracking of coal extract.
